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Synopsis: Recent advancements in experimental techniques now allow for the study of fully differential cross sections
for 4-body collisions. Theoretical fully differential cross sections will be presented and compared with absolute
experimental data for transfer-excitation in proton-helium collisions. The role of different scattering mechanism will be
discussed.

For more than 50 years, the study of electron
capture process have been an active field of atomic
collisions. The simplest four-body problem is a charged
particle collision with a helium atom, in which both
atomic electrons change state. This type of collision can
result in many different outcomes, such as double
excitation, excitation–ionization, double ionization,
transfer-excitation, transfer-ionization, and double
charge transfer. We use the 4BTE (4-body transferexcitation) model [1] which is a fully quantum
mechanical, first order perturbative model that includes
all relevant two particle interactions. Numerically, this
requires a full nine-dimensional integral, and is quite
computationally expensive.
In the transfer-excitation [1] case, a high energy
proton collides with the helium atom and captures one
electron and leaves as a hydrogen atom. The target
becomes a helium ion the residual electron is excited to
an arbitrary excited states. Since the experiments [2] do
not determine which excited state, it is necessary to
sum over all the excited states. We determined that
summing over excited states with 2 ≤ n ≤ 4 is
sufficient. In this work we will present fully differential
cross sections for transfer excitation by protons with
energies of 25keV, 60keV, 75keV, 100keV, 150keV
and 300keV.The theoretical results will be compared
with the experimental data of Schöffler et al.[2] and
Hasan et al. [3].
Figure 1 shows results for which the incident and
scattered projectile wave function is a plane wave and
the initial atomic wavefunction is a 20 term Hylleraas
wavefunction [1] which has angular as well as radial
correlation included. For this case, the theoretical cross
section was a factor of v**4 larger than the
experimental data where v is the velocity of the incident
projectile which ranges from 2 a.u to 3.5 a.u for the
energies of Fig.1.
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Fig. 1 FDCS as a function of the projectile scattering angle
for proton + helium collisions for transfer excitation. The
theoretical results are: Solid line 4BTE model with a plane
wave for the incident projectile, Hylleraas wave function for
the target atom (helium), and plane wave for the scattered
projectile; Dash line 4BTE times 1/v**4.

Results for other energies and different scattering
models will be presented and discussed.
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